Abstract: Clinical outcomes in kidney transplant recipients (KTRs) with hepatitis B virus (HBV) have not been thoroughly evaluated. Here, we investigated recent posttransplant clinical outcomes of KTRs with HBV and compared them with KTRs with hepatitis C virus (HCV) and seronegative KTRs.
INTRODUCTION

H epatitis B virus (HBV) and hepatitis C virus (HCV)
infections are the primary causes of liver disease in kidney transplant recipients (KTRs). Immunosuppression after kidney transplantation exacerbates the progression of liver disease to cirrhosis or hepatocellular carcinoma, 1, 2 and affects patient and allograft survival. Nevertheless, controversy remains regarding how HBV and HCV infection differentially affect outcomes following transplantation.
A previous long-term study found that KTRs with HBV infection had an increased risk of mortality and allograft failure compared with KTRs without HBV infection. [3] [4] [5] A metaanalysis of observational studies also showed that hepatitis B surface antigen (HBsAg)-seropositivity was independently associated with patient death and graft survival after kidney transplantation. 6 However, these studies have limitations when evaluating the effect of antiviral therapy because the publication period was before the antiviral nucleoside/tide era or because the authors did not specify the percentage of antiviral therapy. Although several studies have reported the efficacy of antiviral agents in KTRs after the introduction of such agents, most studies enrolled a small number of patients over a relatively short period, making it difficult to determine the impact of antiviral treatment on transplant outcome. [7] [8] [9] The impact of HCV infection has been reported in various studies. KTRs with HCV exhibit higher mortality than KTRs without HCV due to liver failure or cardiovascular disease. 10, 11 However, recent studies did not support those findings, demonstrating that immunosuppressive regimens did not affect patient survival. 12, 13 The conflicting results regarding patients with HCV infection may be attributable to the various effects of immunosuppressive agents, such as cyclosporine or mycophenolate, which are known to inhibit HCV replication and immune cell function. 13, 14 Considering the long natural history and the discordant reports on HBV and HCV infections after kidney transplantation, a more extensive evaluation is needed to determine the effects of antiviral therapy on transplant outcome. We compared the long-term outcomes of KTRs with chronic HBV or HCV infection with those of KTRs without viral hepatitis infection in an HBV-endemic country. We also investigated the significance of pretransplant liver biopsy and the effects of antiviral treatment in patients with HBV and HCV infections.
METHODS
Study Cohort
This multicenter cohort study included patients admitted to 4 tertiary hospitals: Seoul National University Hospital; Seoul National University Boramae Medical Center; Asan Medical Center, University of Ulsan College of Medicine; and Kyungpook National University Hospital. Patients aged over 18 years who underwent kidney transplantation between January 1997 and December 2011 were eligible for the study. Patients who underwent retransplantation or multiorgan transplantation were excluded from the analysis. Of the 3855 KTRs, 3484 were enrolled who had viral hepatitis serology data available. Chronic hepatitis B and C infections were defined as persistent positivity for hepatitis B surface antigen and antiHCV antibody for at least more than 6 months, respectively. All candidates for KTRs with chronic HBV infection were aimed to be treated with prophylactic antiviral drugs (nucleoside analogues) prior to or immediately after kidney transplantation. 15, 16 Patients who were not treated with prophylactic antiviral agents were monitored regularly for HBV DNA titers and preemptively treated in case of newly detected or significant increases (>10-fold) in HBV DNA. In scenarios of HBV reactivation (an increase in HBV DNA above 2000 IU/mL and persistent elevation of ALT levels) after kidney transplantation, the patients were treated with nucleoside analogues. 17, 18 All clinical investigations were approved by the institutional review board at each center and conducted in accordance with the guidelines of the 2008 Declaration of Helsinki.
Data Collection
Patient baseline information was obtained from a review of medical records. Transplant-related variables included age; sex; body mass index; primary cause of kidney failure; dialysis modality and duration; type of immunosuppressant; and history of pretransplant hypertension, ischemic heart disease, cerebrovascular disease, or liver cirrhosis. Pretransplantation laboratory values, including leukocyte, hemoglobin, serum albumin, glucose, cholesterol, high-sensitivity C-reactive protein, aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase, and glycated hemoglobin (HbA1c), were collected. HBsAg and HCV antibody titers were assessed using chemiluminescent or enzyme microparticle immunoassay technology. The severity of liver cirrhosis was assessed based on the modified Child-Pugh classification. 19, 20 The antiviral agent type and histological liver biopsy findings were obtained for patients with HBV and HCV infections. Donor-related variables, such as age, sex, donor type, matched human leukocyte antigen (HLA) number, and cross-match results, were also reviewed.
Outcomes
The patients were grouped according to their viral state and compared for primary and secondary outcomes. The primary outcomes were graft and patient survival rates. Graft failure was defined as a return to dialysis or preemptive kidney retransplantation. The secondary outcome was biopsy-proven acute rejection. We also reviewed the causes of graft failure and patient death.
Statistical Analysis
Continuous data are expressed as the means AE standard deviation. All continuous variables were tested for normality distribution using Q-Q plot and Kolmogorov-Smirnov tests. Comparisons between groups were performed using the x 2 test or Fisher exact test for categorical data and an independent t test for continuous data. Graft and patient survival and acute rejection incidence between groups were determined and analyzed using the Kaplan-Meier method. In the survival analysis according to the prophylactic antiviral treatment, we did not compare the overall survival during the entire follow-up time; instead, we compared the 5-year survival to adjust for discrepancies in follow-up time between the groups. The hazard ratios (HRs) and confidence intervals (CIs) for primary and secondary outcomes were calculated with the Cox proportional hazards model adjusted for age, sex, diabetes mellitus, body mass index, donor type, primary renal disease, renal replacement therapy, hypertension, ischemic heart disease, immunosuppressive agents, and serum albumin levels. The statistical analysis was performed using the SPSS system for Windows, version 21.0 (IBM SPSS Inc, Chicago, IL). P values <0.05 were considered statistically significant.
RESULTS
KTR Characteristics According to Hepatitis Serology
A total of 3482 adult KTRs were enrolled in this study. One hundred sixty patients (4.6%) had HBV, and 55 (1.6%) had HCV. There were no patients with HBV and HCV coinfection. Figure 1A shows the increasing numbers of incident kidney transplants and illustrates the annual trend of the proportions of patients with HBV and HCV among KTRs. The proportion of patients with HBV (2.3-7.6%) was more than twice that of the proportion of KTRs with HCV (0.0-3.0%). Figure 1B The demographic and clinical characteristics of KTRs according to their hepatitis B and C serology are summarized in Table 1 . The age of KTRs with HBV (43.0 AE 10.8 years old) was higher than that of seronegative KTRs. KTRs with HBV showed a preponderance of males (80.0%) compared with KTRs with HCV (58.2%) and seronegative KTRs (58.9%). The body weight of the KTRs with HBV (63.1 AE 10.2 kg) was higher compared with those of the other groups; the body mass index did not differ between the groups. The proportion of patients with liver cirrhosis was higher in the groups of KTRs with HBV (5.6%) and HCV (1.8%) compared with seronegative KTRs (0.4%). The severity of cirrhosis did not differ between the groups. Comorbidities of diabetes, hypertension, and ischemic heart disease did not differ between the groups. None of the patients with HCV infection was diagnosed with cryoglobulinemia. The primary renal disease causes, pretransplant renal replacement therapy, and renal replacement therapy duration were also comparable between the groups. In the group of KTRs with HBV, the donor age (41.4 AE 12.0 years old) and the proportion of deceased donors (28.9%) were higher than those of the seronegative KTRs. Laboratory values of white blood cell counts, hemoglobin levels, glucose levels, C-reactive protein levels, serum creatinine levels, HbA1c levels, AST levels, and ALT levels did not differ between the groups. However, KTRs with HBV had low serum albumin levels (3.6 AE 0.6 g/dL) and low serum cholesterol levels (151.8 AE 39.8 mg/dL). The use of immunosuppressive calcineurin inhibitors and antimetabolites did not differ between the groups. However, the use of azathioprine was lower among KTRs with HBV (P <0.001). The proportion of patients who received prophylactic antiviral treatment with nucleoside analogues in the HBV group was 80.6%. Pretransplant antiviral treatment with pegylated-interferon (PEG-IFN) with or without ribavirin (PEG-IFN 2, PEG-IFN, and ribavirin 2) was administered to 7.2% of the HCV group. The percentages of KTRs who underwent pretransplant liver biopsy were 77.5% in the HBV group and 62.0% in the HCV seropositive group (P ¼ 0.028).
Survival and Causes of Mortality Among KTRs
KTR survival was compared among the groups using Kaplan-Meier curves ( Figure 2 ). The numbers of deaths among KTRs with HBV, HCV, and seronegativity were 18 (11.3%), 3 (5.5%), and 121 (3.7%), respectively, during the mean followup duration of 89.1 AE 54.1 months. The cumulative 10-year survival rates of the KTRs with HBV, HCV, and negative serology were 83.6%, 91.8%, and 95.5%, respectively. Patients with HBV exhibited a poorer survival rate than did patients in the other groups (P <0.001). The crude and adjusted hazard ratios (HRs) for mortality were analyzed using a Cox proportional hazards analysis, as shown in Table 2 . Univariate analysis revealed that the crude HR of HBV seropositivity was 3.290 (95% CI: 2.005-5.399; P <0.001). Patient age (HR: 1.062; 95% CI: 1.047-1.078; P <0.001), diabetes mellitus (HR: 3.017; 95% CI: 2.117-4.300; P <0.001), transplant donor type (deceased vs. living related; HR: 3.097; 95% CI: 2.085-4.598; P <0.001), ischemic heart disease (HR: 3.478; 95% CI: 1.999-6.052; P <0.001), and serum albumin levels (HR: 0.677; 95% CI: 0.498-0.919; P ¼ 0.012) were significantly associated with mortality. Multivariate analysis indicated that the adjusted HR of HBV seropositivity was 2.370 (95% CI: 1.155-4.865; P ¼ 0.019). The causes of mortality are compared in Table 3 . Among the causes of mortality in patients with HBV, hepatic causes (44.4%), including hepatocellular carcinoma (6 patients), acute hepatic failure due to HBV reactivation (1 patient), and sclerosing cholangitis (1 patient), were significantly higher than other causes. There were no cases with HCV reactivation hepatitis or HCV-related hepatic mortality among the KTRs with HCV.
Risk of Mortality Among KTRs With HBV
We compared the demographic and laboratory characteristics of patients with HBV stratified by their mortality to investigate factors associated with mortality in HBV-positive patients (Supplementary Table 1 , http://links.lww.com/MD/ B3). Age, sex, body mass index, diabetes mellitus, transplant era, serum albumin levels, C-reactive protein levels, AST and ALT levels, cholesterol levels, and pretransplant HBV DNA titers did not differ according to mortality in HBV-positive patients. HBV-positive KTRs with mortality showed a higher grade of inflammation in liver biopsy ( Figure 3A ; log-rank, P ¼ 0.070). KTRs with severe fibrosis or liver cirrhosis showed significantly poorer survival than those without fibrosis ( Figure 3B ; log-rank, P ¼ 0.047). Patients who were treated with newgeneration antiviral agents such as entecavir showed better survival than those who were treated with lamivudine or adefovir ( Figure 3C ; log-rank, P ¼ 0.050). The crude and adjusted HRs for mortality among KTRs with HBV are summarized in Table 4 . Pretransplant histological findings of liver inflammation (adjusted HR: 3.804; 95% CI: 1.043-13.871; P ¼ 0.043) and severe fibrosis or cirrhosis (adjusted HR: 9.508; 95% CI: 1.467-61.608; P ¼ 0.018) were associated with increased mortality.
Graft Survival and Acute Rejection After Transplantation
The numbers of graft failures among KTRs with HBV, HCV, and seronegativity were 16 (10.0%), 14 (25.5%), and 292 (8.9%), respectively. A comparison of graft survival among the groups is shown in Figure 4A . Patients with HBV showed graft survival comparable to patients with negative hepatitis serology. However, patients with HCV showed a poorer graft survival rate compared with the other groups (P <0.001). The crude HR of HCV for graft failure was 3.105 (Table 2, 95% CI: 1.816-5.308; P <0.001), and the adjusted HR was 2.899 (95% CI: 1.289-6.519; P ¼ 0.010).
The causes of graft failure are compared in Table 3 . The causes of graft failure did not differ between the groups (P ¼ 0.254). Acute rejection was the most common cause of graft failure in KTRs with HCV. Events of acute rejection are compared in Figure 4B . KTRs with HCV showed a significantly increased incidence of acute rejection (log-rank P ¼ 0.005; crude HR: 2.144 [1.341-3.426], P ¼ 0.001) compared with KTRs with HBV or seronegativity. In the subgroup analysis of KTRs with HCV, there was no significant difference in graft survival according to viral load of HCV (data not shown).
DISCUSSION
In this study, we compared the overall survival of KTRs and graft survival according to HBV and HCV serology using multicenter data from patients in an HBV-endemic country. HBV is prevalent in South Korea, and the prevalence of chronic hepatitis B infection (4-5%) is higher than that of HCV (1.68%). 21, 22 HBV also had a high prevalence in our study participants, and the proportion of KTRs with HBV was more than 2-fold the proportion of KTRs with HCV. Despite studies on the prognosis of KTRs with HCV, the natural clinical course and prognosis of HBV infection after renal transplantation have not been thoroughly investigated, and the influence of HBV infection on the prognosis of KTRs remains controversial. This study investigated the prognosis of KTRs with HBV and made comparisons with KTRs with HCV and seronegative recipients.
In this study, KTRs with HBV showed poor overall survival compared with KTRs without HBV. KTRs with HBV have a potential risk of liver disease exacerbation due to immunosuppressive agents. 1, 23 Progressive liver disease is a common adverse event in immunosuppression in KTRs with HBV. 24 Before the introduction of antiviral treatment among KTRs with HBV, the proportion of patients who experienced viral reactivation reached 30% (higher than the 5% incidence of Multivariate analysis included covariates of clinically significant factors that were included in Model 2 and statistically significant factors that showed P values below 0.10 in the univariate analysis. In the mortality analysis, the covariates of age, sex, diabetes mellitus, body mass index, primary renal disease, donor type, hypertension, ischemic heart disease, and antimetabolite immunosuppressive agents were adjusted. In the graft failure analysis, the covariates of age, sex, diabetes mellitus, body mass index, renal replacement therapy, donor type, hypertension, ischemic heart disease, antimetabolite immunosuppressive agent, and hemoglobin levels were adjusted. natural viral reactivation). 1 In addition, among KTRs with HBV, 85% had histological deterioration of fibrosis or inflammation on the subsequent serial liver biopsy, 42% had chronic hepatitis, and 28% had cirrhosis at 66 months after kidney transplantation. 1 Before the 2000s, KTRs with HBV had markedly higher mortality after transplantation than KTRs without HBV due to progressive liver disease. 3 In a meta-analysis by Fabrizi et al, 25 KTRs with HBV were found to be associated with increased mortality and hepatocellular carcinoma. The induction of HBV clearance and an improvement in the prognosis of KTRs with HBV have been expected following the recent widespread use of preemptive or prophylactic antiviral treatment. Yap et al 9 reported that the 10-year survival of KTRs with HBV could be improved from 55% to 90% using antiviral treatment. Recent studies also reported no difference in survival according to HBV seropositivity. 26, 27 However, despite the improvement of survival after antiviral treatment, studies with many participants and long follow-ups showed deleterious effects of HBV seropositivity on the overall survival of KTRs. 9, 28, 29 The present study shows that KTRs with HBV had poorer overall survival due to death from hepatic causes, including HCC and acute hepatic failure from HBV reactivation. Increased mortality due to hepatic complications has been consistently reported in various studies. KTRs with HBV have a higher risk of HCC. Hoffman et al 2 reported that solid organ transplant recipients with HBV have a 9.7-fold higher risk of developing HCC. Reddy et al 27 revealed that hepatic failure was significantly increased among KTRs with HBV despite comparable overall mortality. Notably, in addition to the increased mortality due to liver-associated complications, our study revealed that a lack of antiviral treatment or the use of oldergeneration antiviral drugs, such as lamivudine or adefovir, was significantly associated with increased mortality. No mortality was experienced by any of the KTRs with HBV who were treated with entecavir in this study. The interesting difference Causes of death differed according to hepatitis serology (x 2 P <0.001). Causes of graft failure did not differ between groups (x 2 P ¼ 0.254). KTRs who exhibited liver inflammation on the liver biopsy showed a tendency toward poorer survival than those without liver inflammation (log-rank, P ¼ 0.070). KTRs who had severe fibrosis or liver cirrhosis showed significantly poorer survival than those without fibrosis (log-rank, P ¼ 0.047). KTRs who were treated with new-generation antiviral agents such as entecavir showed better survival than those who were treated with lamivudine or adefovir (logrank, P ¼ 0.050). Ã Normal or minimal inflammation in liver biopsy, y above mild inflammation on liver biopsy.
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between lamivudine or adefovir and entecavir is likely related to the antiviral efficacy of the drugs. It is well known that the individual efficacies of entecavir and tenofovir are superior to those of lamivudine and adefovir in terms of the histological improvement rate, virological response, and alanine aminotransferase level normalization. 30, 31 In HBV-infected KTRs, entecavir showed a higher virological response than lamivudine. 32 Efficient antiviral treatment may reduce HBV reactivation and prevent the histological and clinical hepatic deterioration after transplantation typically observed in KTRs with HBV. Therefore, all KTRs with HBV should be treated with potent antiviral drugs following recent guidelines. 33 Our study also revealed that inflammation or fibrosis on liver biopsy was significantly associated with increased mortality. Patients with HBV infection without overt clinical features of cirrhosis are recommended to undergo a liver biopsy as part of their pretransplantation evaluation to identify histological evidence of cirrhosis. 34 The present study found that liver inflammation or severe fibrosis/liver cirrhosis on biopsy is associated with mortality. These findings may support the importance of pretransplant liver biopsy and may be helpful when deciding the appropriate candidates for kidney transplantation and predicting posttransplant clinical outcomes among KTRs with HBV.
In this study, the graft failure of KTRs with HBV did not notably differ from that in the other groups. The impact of HBV on graft survival after kidney transplantation has been controversial. Fornairon et al 1 reported improved graft survival among KTRs with HBV. In contrast, Ridruejo et al 35 found that graft survival in KTRs with HBV was poorer than that in KTRs without HBV. In a meta-analysis of 6 older observational studies, Fabrizi et al 25 concluded that HBV infection was an independent risk factor for graft failure after kidney transplantation. However, recent studies have consistently reported that graft survival is not inferior in KTRs with HBV compared with 27 investigated the prognosis of KTRs with HBV, including patient survival, hepatic failure, and graft survival, according to the era. Before 1995, graft survival in KTRs with HBV was poorer than in patients without HBV. However, after 1995, graft survival in KTRs with HBV did not differ from that in KTRs without HBV. Additionally, the risk of graft failure may have been overestimated due to KTRs with HBV and HCV coinfection in the meta-analysis. 25 Among the 6 observational studies that were included in the meta-analysis, only 2 (by Lee et al and Ridruejo et al) showed increased graft failure in KTRs with HBV. 35, 37 These 2 studies enrolled KTRs with HBV and HCV coinfection who showed increased graft failure compared with KTRs with seronegativity. Because the high risk of graft failure among KTRs with HBV and HCV coinfection was included in the risk assessment of the meta-analysis, we can conclude that the risk of graft failure was overestimated in the previous meta-analysis.
In contrast with KTRs with HBV, our study demonstrated that KTRs with HCV had a similar survival rate but a lower graft survival rate compared with those without HCV. These differential effects of HCV on transplant outcome represent a somewhat different result in that most data have suggested shortened overall patient and graft survival in KTRs with HCV. 38, 39 The limited number of KTRs with HCV and the limited follow-up duration in this study may explain the absence of an impact of HCV on patient survival. Most studies have revealed that HCV infection does not have a short-term impact but does have a long-term impact. 29 The increased mortality of KTRs with HCV has been explained by the progression of liver disease, hepatocellular carcinoma, and combined cardiovascular disease.
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Mortality was found to be associated with various factors, such as histological liver biopsy findings, the acquisition time of HCV infection, and immunosuppressive regimen.
12,13,40 Our study did not fully stratify confounding factors for patient survival, such as liver biopsy and immunosuppression. It is also difficult to determine the impact of HCV on patient survival in a limited number of KTRs with HCV. However, our data suggest that graft survival in KTRs with HCV was lower than that of other groups. The exact mechanism of decreased graft survival in KTRs with HCV is not fully understood. Morales et al 41 described HCV infection as being associated with membranous glomerulonephritis and progressive renal function deterioration in KTRs. Although HCV infection could induce immune complex chronic glomerulonephritis in the graft, 42 it is suggested that decreased graft survival may be attributable to acute rejection in the present study. The incidence of acute rejection has been reported in several studies; however, the results are not consistent. The reason for increased acute rejection in HCV patients is unknown; however, it could be partly related to the under-immunosuppression of KTRs with HCV. Further studies investigating the impact of immunosuppression on the clinical course and progression of HCV infection in KTR are needed. Furthermore, we must consider the probable changes in disease progression and transplant outcomes as direct-acting antiviral agents are introduced into KTRs with HCV. 43 The limitations of our study are related to its retrospective design. The prognostic value of pretransplant HBV DNA levels and liver biopsy may be underestimated because these tests are not conducted at a consistent interval prior to kidney transplantation. The effects of antiviral treatment may be underestimated due to a relatively high proportion of lamivudine use. In the analysis of survival according to the prophylactic antiviral treatment received, we could not fully demonstrate the beneficial effect of new-generation antiviral agents due to the considerable differences in follow-up time between groups. However, this study enrolled a relatively large number of KTRs with HBV and has the strength of a long follow-up. Unlike previous studies that failed to demonstrate increased mortality of KTRs with HBV due to relatively short follow-up, 27 this study showed increased mortality among KTRs with HBV to be closely associated with post-transplant liver-associated problems.
In conclusion, KTRs with chronic hepatitis B may have poor survival due to post-transplantation hepatic complications. Antiviral treatment in KTRs with HBV was associated with decreased mortality, and pretransplant histological inflammation on liver biopsy may affect post-transplant survival. A thorough pretransplant evaluation including liver biopsy and adequate antiviral treatment in KTRs with chronic hepatitis B will be needed even if liver function is within a normal range.
